This study investigated the effects of simultaneous written text on the comprehension of spoken English as a foreign language, when the text is presented with the aid of a personal digital assistant (PDA) as a learning tool. Eighty-seven university students majoring in applied foreign languages were randomly assigned to either listening with auditory materials only, or listening with identical and concurrent written text. Performance efficiency was used to provide a better indicator of the quality of learning. The results revealed that for learners with lower English levels, the presence of concurrent written text elicited higher performance efficiency in the immediate recall task of the English listening comprehension. However, the beneficial effect of the written text did not extend to the subsequent auditory-only passage. The study suggested that when using mobile devices as training tools, the provision of written text facilitates the acquisition of information but not the schema construction of the English listening comprehension skill.
Introduction

Mobile learning
With the rapid advancement of wireless technology, mobile learning (m-learning) has emerged as an innovative learning concept which takes advantage of the mobility of learning devices such as cell phones, personal digital assistants (PDAs), tablet PCs, and MP3 players. This development is especially evident with the ever-increasing number of e-book reading devices available; these devices enable information and knowledge acquisition at any moment, even when users are on the move. The convenience and immediacy of m-learning warrant further investigation on instructions carried out with the aid of mobile devices (Nash, 2007) . "M-learning" refers to the use of mobile technologies for pedagogical purposes. Geddes (2004, p.1) defined mobile learning as "the acquisition of any knowledge and skill through use of mobile technology, anywhere, anytime which results in an alteration in behavior." Mobile devices are advantageous over desktop PCs because of their small size, light weight, affordable price, and short boot-up time. KukulskaHulme (2009) highlighted the unique affordances of these devices: spontaneous, informal, contextual, portable, ubiquitous, pervasive, and personal. Mobile technologies can thus support learning that is more situated, experiential, and contextualized within specific domains (Kukulska-Hulme & Traxler, 2005) . Further advantages include immediate sharing of ideas and information as well as the motivational effect from the novelty of the devices (Pettit & Kukulska-Hulme, 2007) . In short, mobile devices allow learners to engage in educational activities while interacting within real contexts and gain first-hand experience. To add to the benefit of mobility, there is also a wealth of L2 learning resources freely available to users on the Internet, such as podcasts, which provide access to authentic inputs for language learning. Learners download the topics they enjoy and engage in learning anywhere, anytime.
The promising capabilities of portable devices in the context of learning have given rise to abundant applications and instructional designs for m-learning. Even on school campuses, the traditional classroom can be transformed into a digital laboratory with a mobile device in hand. Considering the current global situation characterised by budget constraints, mobile devices not only come in handy but are also cost effective in functioning as a digital laboratory. Several studies that employed mobile devices in the classroom reported that such devices enhanced student engagement. For example, Davis (2003) implied that all the students in a classroom could respond to the teacher's questions instantly and anonymously through mobile devices, which enabled the instructor to assess how all students were doing at any time during a lesson. Further, because of the anonymity involved, students were more willing to take risks in exploring answers.
However, learning does not take place simply with the use of tools. In order to support the learner's knowledge development, it is important to re-examine instructional designs to maximise the advantages of these innovative learning tools. Chen, Hsieh and Kinshuk (2008) urged that incorporating related learning theories and instructional strategies into innovative learning forms significantly improved the outcomes of learning. Cheung and Hew (2009) made a similar suggestion that researchers invoke appropriate theoretical foundations when applying the latest technology to inform new studies. In response to the calls by Chen et al. and Cheung and Hew, the present study aims to explore the effectiveness of different modes of content presentation in mobile devices for foreign language learning, within the framework of cognitive load theory. This theory has been employed successfully as a theoretical base in many subjects that use multimedia-aided content presentation for learning purposes.
Cognitive load theory
Cognitive load theory (CLT) addresses the limited capacity of the human working memory, which is able to hold and process only a few items of information at a time, and long-term memory, which has unlimited capacity (Sweller, 2005) . Most human cognitive action is driven by the contents of long-term memory (Chase & Simon, 1973) . Knowledge elements are assumed to be stored in long-term memory in schematic forms. A schema is a cognitive construct that organises information for storage in longterm memory. When brought into working memory from long-term memory, a schema allows us to treat multiple elements of information as a single element categorised according to the way in which it will be used (Sweller, 2005) . The ultimate goal of learning, therefore, is to build schemas in long-term memory, referred as schema construction in the lsections below. Cognitive load refers to the total amount of mental activity imposed on the working memory at an instant in time (Cooper, 1998) . When the load exceeds the capacity of working memory, learning is impeded. Therefore, well-designed instruction seeks to increase the capacity and decrease the cognitive load of working memory as much as possible. CLT has been used to generate many instructional procedures (Sweller, 2003) , including the modality effect and the redundancy effect. These effects will be discussed below.
Modality effect vs. redundancy effect
With the proliferation of multimedia technologies, instructional materials are able to incorporate varied forms of multimedia to simultaneously provide the learners with rich sensory stimuli. According to the "Working Memory Model," proposed by Baddeley (2000) when information is presented to two sensory channels -visual and audio -instead of one, both modalities are activated and the performance of the working memory is enhanced because more information can be processed. This is called the "modality effect" in CLT (Sweller, 2005) . The modality effect has been tested extensively in different subjects using instructions given through multimedia and by incorporating various modes of presentation (Kalyuga, Chandler & Sweller, 1999; Leahy, Chandler & Sweller, 2003; Mayer & Moreno, 1998; Moreno & Mayer, 2002; Mousavi, Low & Sweller, 1995; Sweller, 1993) . The results have indicated that the dual sensory mode -using both visual and auditory channels simultaneously -had positive effects on learning only when individual information was unintelligible in isolation. In other words, the modality effect is obtained when one channel is used to compensate for the other.
On the other hand, when multiple sources of information are presented, where one source is sufficient to allow understanding and learning while the other sources merely reiterate the information of the first source in a different form, the superfluous materials force a severely constrained working memory to process unnecessary and redundant information, thus leading to ineffective learning. This is referred to as the "redundancy effect" (Sweller, 2005) . Evidence on the redundancy effect have been provided in a number of studies using visual and audio instructional presentation, namely, written versus spoken text or diagram versus spoken text (Jamet & Bohec, 2007; Kalyuga, et al., 1999; Kalyuga, Chandler & Sweller, 2000; Mayer, Heiser & Lonn, 2001) . The redundancy effect, however, depends on the learner's expertise level, which implies that information that is redundant for skilled learners may be essential for novices. This is termed as the "Expertise Reversal Effect" (Sweller, 2005) .
Listening comprehension in second or foreign languages
Learning a foreign language (L2) is inherently different from learning other subjects. While engaging in L2 learning, students have to manage both content knowledge and linguistic knowledge simultaneously; this often imposes a heavy cognitive load on working memory. This is especially true with listening comprehension for L2 learning. Listening in almost any setting is the most frequently used language skill, and yet, it is often perceived to be particularly difficult and causes frustration and anxiety among L2 learners because of its transient nature (Goh, 2000; Kao, 2006) . In other words, the relaying of the message is an ongoing process, and usually, the listener has neither control over the speech rate nor an opportunity to review the message. As described by Osada (2004) , to capture the information in spoken language, listeners must (1) comprehend the text as they listen to it, (2) retain information in their working memory, (3) integrate it with what follows, and (4) continually adjust their understanding of what they hear in the light of prior knowledge and incoming information.
Because of the multiple tasks that a learner has to perform simultaneously when processing a spoken message in L2, it is assumed that, due to the modality effect, the written text assists the comprehension of the message by activating both audio and visual modalities and increasing the processing resources of the working memory. However, Diao, Chandler and Sweller's (2007) study on the effects of written text on comprehension of L2 spoken messages and cognitive load, which they conducted with PCs, suggested that additional written text facilitated the immediate facts recall of L2 listening comprehension, but provided only limited benefit for schema construction in the long-term memory. The basis for the argument was that the improved performance of the participants supplied with identical text messages could be attributed to their reading rather than their listening to the materials.
The present study intended to verify whether the research results of Diao et al. can be extended to situations where mobile devices are used as a learning tool. According to the CLT, the appropriate mode of content delivery designed for specific tools and instructional objectives minimises memory loads and maximises learning outcomes. However, early research on mobile language learning focused mostly on system construction (Chen & Chung, 2008; Chinnery, 2006; Cooney & Keogh, 2007; Hung & Young, 2007; Saran, Cagiltay & Seferoglu, 2008; Stockwell, 2007) . Materials and instructional strategies aimed for mobile use have not gained much attention in the literature. In addition, mobile learning often occurs in a constantly changing environment, which is very different from learning with desktop computers. Mobility may provoke a high cognitive load because environmental variations or context differences often impose distractions or even threats to learners (Nash, 2007) . Finally, the small screens of mobile devices has often been reported as one of the major disadvantages of mobile learning, because it may require extra effort in reading the materials (Ally, 2004; Cheung & Hew, 2009; Hsi, 2003; Nash, 2007; Pettit & Kukulska-Hulme, 2007) . There is, hence, an urgent need to understand how learners perceive and process an external stimulus when using mobile devices for learning, so that the findings can help practitioners to make informed decisions in their applications of mobile learning.
In order to produce a better indicator about the quality of learning, the "efficiency measure" (Paas & Van Merriënboer, 1993 ) was employed to examine the effects of the modality. Performance efficiency was calculated on the basis of the mental effort expended when performing a task. The formula used was E = P -M/2 0.5 , where E stands for efficiency, P for performance, and M for mental effort. To calculate the efficiency measure, the cognitive load rating on the task was combined with the performance measure, rather than attending to the two measurements separately. The efficiency measure can provide information on the relative involvement of students in the instructional condition. In this study, the authors hypothesised that a concurrent written and spoken mode of presentation would facilitate L2 listening comprehension by increasing the cognitive resources as both the audio and visual senses were used. Considering the expertise reversal effect, this study further hypothesised that the modality effect would be reversed with learners who have a high expertise level, which was defined as students' L2 proficiency in listening comprehension for the present study.
In the experiment conducted as part of this study, two formats for presenting contents were compared, namely, dual mode presentation and single mode presentation. In the dual mode, the listeners were provided with written and spoken messages simultaneously; in the single mode, they were provided with spoken messages only. The purpose of the instruction was to help learners construct schemas in long-term memory (Van Merriënboer & Sweller, 2005) . The experiment comprised two subsequent sessions: an immediate recall task and a skill transfer task to test the learners' working memory and long-term memory respectively. Investigating the instructional effectiveness of the mode of presenting contents with the mobile devices from the perspective of cognitive load theory will enhance the advancement of instructional design for m-learning.
Method Participants
A total of 87 students (17 males and 70 females aged 18-22 years) majoring in Applied Foreign Languages at a technology university in northern Taiwan participated in the study. All of them shared the same first language, Mandarin; none of them had studied abroad before. They had previously undergone six years of formal English instruction in general high school and entered the university based on scores received in the Joint College Entrance Examination. Participants' similar educational experience as well as linguistic and cultural homogeneity was hence assumed.
Materials and procedure
This was a pilot study for some later work on mobile L2 listening comprehension training in the zoo (Chen & Chang, 2011) . The pilot experiment, conducted in June 2009, included three phases. The first phase was to determine the expertise levels of the participants and was carried out one week before the instructional activity. To obtain participants' proficiency levels in English listening comprehension as the learner expertise level (EL), the researchers employed a listening comprehension test of intermediate-level General English Proficiency Test (GEPT), which is a public test of English language proficiency, designed and administered by the Language Training & Testing Center (LTTC) and supervised by the Taiwanese Ministry of Education. The LTTC GEPT has five levels (elementary, intermediate, high-intermediate, advanced, and superior) and includes listening, reading, writing, and speaking components. Since the present study focused on the learning of listening comprehension, only the listening comprehension section was used for the test. The intermediate level was adopted because the basic requirement for graduation from the Department of Applied Foreign Languages is to pass the intermediate level of the GEPT. According to the descending order of their test scores, the students were divided into three categorieshigh EL, medium EL, and low EL, each EL comprising 29 students.
PDAs provided by our laboratory were adopted as the mobile learning tools. Since there were only a limited number of PDAs available, the experiment was conducted twice, with 44 participants in one round and 43 in the other, using exactly the same procedure. Each PDA had one of the two presentation modes installed. The participants in each EL (high, medium and low) were randomly assigned to either the single mode group (spoken message only) or the dual mode group (spoken message plus identical written text). Figure 1 shows examples of PDA screen pictures. The instructional material for the second phase (a week after the pre-test) contained three passages talking about animals -namely, elephants, gorillas and lions. The contents were adapted from the website of the San Diego Zoo. The length of the passages ranged from 180 to 220 words. Each passage had five multiple-choice questions to test the performance of the participants in the immediate factual recall task (See Appendix 1). This phase was to probe the effect of the different presentation modes on the immediate recall task.
The final phase, conducted one hour after the completion of the second phase, was to investigate the effect of different presentation modes on the skill transfer ability. The skill transfer test was a 220-word article on the origin and rules for the game of tennis. It was composed including keywords and expressions from the passages on animals in the previous phase (See Appendix 2). This article was an extended learning from the second phase aimed at investigating the impacts of these two modes on the skill of L2 listening comprehension transferred into schema. This passage was provided to all participants through a single mode -spoken message only -because the ultimate goal of the task was to help students develop their listening comprehension skills. The performance of the participants in the listening comprehension of this passage indicated the degree to which the schema had been constructed.
All passages and questions for the study were reviewed and recorded by two native English speakers and pilot-tested with 25 students other than the participants, to ensure that none of the questions confused the listeners because of unclear statements.
After listening to each passage (in both phases), all participants were required to rate their perceptions of the difficulty level of the task on a 7-point scale, ranging from 1 = "extremely low" to 7 = "extremely high." A higher score indicated a higher mental effort. Many researchers have successfully used the perceived difficulty of tasks to measure learners' mental effort as the cognitive load imposed in the learning process (Borg, Bratfisch & Dornic, 1971; Chung, 2008; Kalyuga, Chandler & Sweller, 1998; Yeung, Jin & Sweller, 1997) . According to these studies, a subjective rating is reliable and sensitive for measuring memory load (DeLeeuw & Mayer, 2008; Paas, Van Merriënboer & Adam, 1994) .
Results
Performance and cognitive load
First, an item analysis was conducted to examine for any marked differences in each listening comprehension question between the high scores and low scores (the top 27% and bottom 27% of the test scores, respectively). Results showed that three test items were not significantly different between the two groups (Table 1) . Therefore, these three items of the recall test (Q2, Q12, and Q13) were deleted. For the preliminary analysis, the results of one-way ANOVA revealed three ELs were significantly different in their listening comprehension ability, F ( 2, 84) = 203.053, MSE = 3.870, p = 0.000, η 2 = 0.828. A series of 2 (presentation mode) × 3 (EL) analysis of variance with between-subject factors was conducted on the scores of the recall test and transfer test, as well as the corresponding perceived cognitive load (CL) ratings. A 0.05 significance level was used throughout the study. The means and standard deviations are given in Tables 2 and 3 Note: CL = Cognitive load. The potential range of scores was 0-12 for the recall test, 0-5 for the transfer test, 3-21 for the recall CL (where "recall CL" is the perceived CL for the recall test), and 1-7 for the transfer CL (where "transfer CL" is the perceived CL for the transfer test). 92 Note: CL = Cognitive load. The potential range of scores was 0-15 for the recall test, 0-5 for the transfer test, 3-21 for the recall CL (where "recall CL" is the perceived CL for the recall test), and 1-7 for the transfer CL (where "transfer CL" is the perceived CL for the transfer test).
Performance efficiency
As mentioned in the introduction, performance efficiency can provide information on the relative involvement of students in the instructional condition. A low mental effort combined with a high performance score will yield high efficiency, while a high mental effort combined with a low performance score will result in a low efficiency score. In the present study, performance was measured as the scores obtained in the listening comprehension task and the mental effort was the degree of perceived difficulty of the task (Yeung, Jin & Sweller, 1997) . The performance measures and mental effort of each participant were first standardised (transformed into z-scores using the grand mean across conditions) to permit comparisons. An equal performance and mental effort zscore yielded a performance efficiency of 0 -a neutral score. If P > M, the content presentation is more efficient, indicated by a positive value, where as if P < M, the content presentation is less efficient, indicated by a negative value.
To compare the impacts of the content presentation mode on the performance efficiency, a 2 (presentation mode) × 3 (EL) ANOVA with between-subject factors was conducted on the recall task and transfer task, respectively. Tables 4 and 5 show the means and standard deviations of the performance efficiency of the two tasks. The findings showed a main effect of the presentation mode on the performance efficiency of the recall task, F(1, 81) = 13.979, MSE = 1.072, p = 0.000, η 2 = 0.147. The dual-mode group had a positive efficiency value, whereas the single-mode group had a negative efficiency value. In other words, the dual mode had higher performance efficiency than the single mode on the immediate factual recall task. Meanwhile, the main effect of the presentation mode was not significant for the efficiency of the transfer task, F(1, 81) = .015, MSE = 1.067, p = 0.901. However, the mean difference implied that the single mode group had a slightly higher mean value than the dual mode group (Table  4) . To give a better understanding of the differences between the ELs, Table 5 shows that the higher mean was a result of better performance efficiency by the high EL group with the single mode. Figure 2 gives a visual presentation of the performance efficiency of the recall and transfer tasks for each EL group. As for the EL factor, a significant main effect of the EL was observed on the performance efficiency of the recall task, F(2, 81) = 6.868, MSE = 1.072, p = 0.002, η 2 = 0.145, and on the transfer test scores, F(2, 81) = 10.534, MSE = 1.067, p = 0.000, η 2 = 0. 206. Post hoc comparisons (LSD) of the different groups for both the recall and transfer tasks revealed that the high EL group had higher performance efficiency than the medium and low EL groups. No interaction was found between the presentation mode and EL on the performance efficiency of either the recall task, F(2, 81) = 0.763, MSE = 1.072, P = 0.470, or the transfer task, F(2, 81) = 0.726, MSE = 1.067, p = 0.487. 
Discussion
The present research extended the previous study of Diao et al. (2007) on the effects of text aids for L2 listening comprehension with mobile devices as the content delivery tool. According to the expertise reversal effect of the CLT, the effectiveness of the content presentation mode depends on the learners' expertise level in the target subject. The modality effect appears when one mode acts as a compensation for the other, whereas the redundancy effect arises when the two modes are redundant and only add to the memory load in the cognitive process. The results of this study were consistent with Diao et al.'s findings, in that the presence of the text contributed to a lower cognitive load as well as enhancing performance in the immediate recall task, but not the subsequent transfer task of L2 listening comprehension. In other words, the previous training session, with or without the aid of written text, did not bring about a significant difference in the skill transfer task. Similar results were found when we examined the effectiveness of the presentation mode from the perspective of performance efficiency. The training with identical text plus spoken message was more efficient for the factual recall task, but not for the transfer task.
Inspection of the performance efficiency of the presentation modes by the EL group indicated that the dual mode was more efficient in the immediate recall task. This was especially evident for the medium and low EL groups. However, the effect did not extend to the skill transfer task. Although no statistical significance was obtained, a reverse effect in the skill transfer task was detected in the high EL group. The redundancy of the presentation mode may result in the reverse effect for the advanced learners, because the redundant information imposes an extra cognitive load rather than facilitating learning.
Based on the results from this study, the following conclusions can be made. First of all, the modality effect applies better to participants with a lower level of linguistic ability in immediate factual recall. The text aid for fact acquisition should ease the concern regarding small screen size. With increasing screen size in the latest models of smart phones and tablet PCs, this will no longer be a critical problem. However, this experiment was only a simulation of mobile learning conducted in a classroom. How text affects cognitive load when students are literally on the move needs further investigation. In addition, training with the dual mode did not extend its effect to the subsequent skill transfer task. In other words, the learners presented with the dual mode did not develop the skill required in the later stage; this means that the written aid did not help the construction of the schema connecting the visual and audio text.
This study has provided important implications for content presentation with mobile devices. If the goal of listening is to obtain information, text aid supplements will facilitate L2 comprehension, especially for the lower-level EL learners. If the purpose of listening is to improve the listening ability of L2, the provision of text aids may not be a good strategy and may even be counter-productive for advanced learners. Instructors should inform their students that while using mobile devices for language learning, their choice of studying with or without text aids should depend on their levels of listening comprehension and learning goals (for factual knowledge or skill development). Moreover, the m-learning model discussed in the current study, compared to desktop-bound activities, presents more extensive possibilities for learning foreign languages. Instead of confining learners to the desktops, the instructors can take advantage of immersive learning environments, such as audio guides for places like museums, galleries, exhibition centres, etc, with either mode (dual or single) selectable, for students to interact directly with various learning targets. Finally, through this experiment, the instructor and students experienced the immediate convenience of mobile devices as an economical way of building a digital laboratory. With a PDA in hand, the learners enjoyed everything they used to do with PCs. The results apply to other mobile devices, such as smart phones, iPods, laptops, etc, which can replace each other to serve the same function.
Conclusion
This study provides users of mobile learning -whether as as instructional material designers, instructors, or learners -guidance on the most effective content presentation modes with these devices. This study concludes that redundancy of audio and visual presentation assists the learners of the present study with lower linguistic ability in gaining factual information; however, it loses its advantage when the learners apply the skill in other contexts, such as the extended passage in this study. The benefits could be reversed with learners having higher linguistic ability, especially in terms of performance efficiency. When the effective content adaptation is concerned, instructors are advised to take instructional objectives, whether it is for obtaining factual knowledge or developing L2 listening skill, into consideration and then incorporate proper strategies accordingly.
